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Null Matrix ®2Ni, 5,Pt; 4¢

NiPt Phase diagram

WEIGHT PERCENT PLATINUM
20 40 GJD ?P BiD Es'l5 9!0 95

The NiPt sample was
quenched Into water of 0°C
from 700°C.

Same treatment for the Null
matrix and Normal crystal
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Short-Range Order and Atomic Displacements

(Q-space formalism (Krivoglaz)
[ =Iprage + Ipitrse 0y : standard
ID;'"N — CﬁLCB(bﬁL — bB)E ZﬂtnEiQTn
n=0
= ¢x0p(by — bB)E Cly
where q=Q - G,
o, pair correlations (Warren-Cowley SRO parameters)

C4CEOLy = N‘-’i|cq|2}

where <|c4|*> is the Fourier transform of <G> ,
and r, =>r,+ 9, ,thend, = A, c, , 1.e. displacements dress local order

Io/N (Q)=<|c,[*> x [Ab—DbQ - A"  Total

<lcg > x |Ab[ SRO
o[> x [bQ - Ay HDS
— <Jeg[*> x Ab x bQ - A, SE

Problems: 1) null matnx SE = 0 (Ina null-matnx alloy Ab=0)
2) no species-dependent displacements.



Real Space treatment (Borie-Sparks and Dietrich-Fenzl).

The total Diffuse intensity is given by:
Lys=1—1 =

diff Bragg SRO
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where:
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| |s the intensity due to concentration
Lo g = Immz .{}:ﬂeiQ'r” fluctuations. o, are the Warren-
Cowley Parameters
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iQr Is the distortion-induced “size-effect’
T, =1 : QT .
w =1L ;’V n® scattering, where r.=r, -r,

v, are the linear displacement

-1 [ __m i
i Immz b.zb; ELE O Sl B parameters
.
<an ﬂm> < 1" > is the average relative
e — - Dietrich- Fenzl displacements between two
C:’

atoms, separated by r -r,

iQr, Is the quadratic term in both the
Lope =41,,Q ©Q- Z £,€ displacements and scattering vector.
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Null Matrix ®2Ni, 5,Pt; 4¢

NiPit (1 1 0) plane
,( )P 140

I 120

120
= =100

&

=]
L=

L o
l

== 80
60 |- #
60 F || b

40 - -

Intensity (arb. units)

bealoeusensiilesesias

8

NiPt <hh2>

o
=
=TT
|

=]
=1
5
B

100 ¢ |

Intensity {arb. units)
Intensity (arb. units)
-

[ [ Y R ]
40 I- f L | ¥ ‘s =




k:=010=

Intensity (arb. wnits)

NiPt (1 0 0) plane
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Null Matrix ®2Ni, 5,Pt; 4¢

Intensity (arb. units)
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Normal Crystal Ni, 5,Ptj 45

NiPt (11 3) peak
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Normal Crystal Ni, 5,Ptj 45

NiPt (002) peak
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Normal Crystal Ni, -,Pt, 43

(X-ray Measurements)
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Temperature (K)
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Sip 5oG€g o5 SiNgle Crystal

- T(MF)=175.3K
- T(MC)=170 K

Si, Gey, Phase Diagram

S. De Gironcoli, P. Giannozozzi,
and S. Baroni, Phys. Rev. Lett. 66,
2116 (1991)

~ 4% difference
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Radial Scan through (220) using elastic
neutron scattering.
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Moss and M. L. Crow, Phys. Rev. B 63 035204
(2001)
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Sip G€4 g SiNgle Crystal
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Why do we bother with this?

¢ SRO = effective pairwise interactions — KCM Theory

<leg[> = 1/(1+ 2c4ca V) p=1/KkT

iqer ) - ch i
Vi= 8 Vhge ' W=V o W
m,n
"chemical” "strain-induced”

Vi = %(Vﬁ + Vﬁi - ZVH‘E[) . effective pairwise
interactions
Theory gives us this or we supply theory

° SE + HDS = sizes of atoms and their relative strain fields

e  Whatis the "size" of an atom? Depends on "charge transfer” or "ionicity” and can
take on many values in various alloys.

e The only experimental handle on phase stability in alloys 1s from the combination of
electronic structure calculations and diffuse scattering of neutrons (or X-rays).



